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ORIGINAL RESEARCH

Estimated health economic impact of conducting urine albumin-to-creatinine
ratio testing alongside estimated glomerular filtration rate testing in the early
stages of chronic kidney disease in patients with type 2 diabetes

Peter Rossinga , Franziska Groehlb , Paul Mernaghb, Kerstin Folkertsc, Antonio Garreta-Rufasb,
James Harrisd , Kimberley Meredithd , Matthew Carterd , €Orjan Åkerborgd , Christoph Wannere and
F. D. Richard Hobbsf

aSteno Diabetes Center Copenhagen, Herlev, Denmark; bBayer AG, Berlin, Germany; cBayer AG, Wuppertal, Germany; dWickenstones Ltd.,
Carlow, Ireland; eUniversit€atsklinikum W€urzburg, Zentrum Innere Medizin, M€unchen, Germany; fOxford University, Primary Care Health
Sciences, Oxford, UK

ABSTRACT
Aim: To estimate the health economic impact of undertaking urine albumin-to-creatinine ratio (UACR)
testing versus no UACR testing in early stages of chronic kidney disease (CKD) progression in patients
with type 2 diabetes (T2D).
Methods: An economic model, taking a UK healthcare system perspective, estimated the impact of
UACR testing on additional costs, clinical benefits measured as prevented dialyses and cardiovascular-
related deaths, life years gained (LYg), LYg before kidney failure, and incremental cost-effectiveness
ratio (ICER). Sixteen of the 18 Kidney Disease: Improving Global Outcomes (KDIGO) heatmap categories
were considered separately, and grouped in health states according to CKD risk. Results were derived
for current standard-of-care and emerging CKD therapies.
Results: The cohort that adhered to both UACR and estimated glomerular filtration rate (eGFR) testing
guidelines in early stages of CKD (n¼ 1000) was associated with approximately 500 LYg before kidney failure
onset; costing approximately £2.5M. ICERs across the KDIGO heatmap categories were approximately £5,000.
Limitations: This model used data from a comprehensive meta-analysis that was initiated more than
10 years ago (2009). While this was the most comprehensive source identified, recent changes in the
treatment landscape, patient population and social determinants of CKD will not be captured.
Furthermore, a narrow approach was taken, aligning included costs with UK NHS reference materials.
This means that some direct and indirect drivers of costs in late-stage disease have been excluded.
Conclusions: UACR testing in the early stages of CKD is cost effective in T2D patients. Emerging thera-
pies with the potential to slow CKD progression, mean that optimal monitoring through UACR/eGFR
testing will become increasingly important for accurate identification and timely treatment initiation,
particularly for the highest-risk A3 category.

ARTICLE HISTORY
Received 13 June 2023
Revised 7 July 2023
Accepted 10 July 2023

KEYWORDS
Chronic kidney disease;
urine albumin-to-creatinine
ratio; estimate glomerular
filtration rate; diagnosis;
cost-effectiveness

JEL CLASSIFICATION CODES
D61; D6; D; I10; I1; I

Introduction

Chronic kidney disease (CKD) is a progressive disease defined
by persistent urine abnormalities, structural abnormalities, or
impaired excretory kidney function, which is suggestive of
functional nephron loss. Type 2 diabetes (T2D) is a strong risk
factor for CKD, and patients with CKD are at increased risk of
cardiovascular disease and death1. As CKD progresses to more
advanced stages, such as kidney failure and the requirement
for kidney transplantation and/or dialysis, there is a strong
association with worsening clinical outcomes, resource utiliza-
tion and societal economic burden2. In more advanced stages,
patient management options may be limited to co-morbidity
management, dialysis, and/or kidney transplantation3,4.

Emerging therapies are improving physicians’ ability to
effectively manage CKD and prevent progression; therefore,
it is increasingly important to identify patients early in the
course of disease so that treatment can be initiated5–8.

To allow for timely CKD treatment initiation, comprehen-
sive and regular testing of at-risk populations is recom-
mended by global guidelines3,4. Accurate CKD diagnosis is
based on repeated measurements of estimated glomerular
filtration rate (eGFR) and testing for albuminuria, with the
specific, quantitative, lab-based urine albumin-to-creatinine
ratio (UACR) test being preferred over less sensitive urine
albuminuria dipstick testing. An eGFR test reveals kidney
function decline, and testing for albuminuria (e.g. UACR
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testing) reveals kidney damage. Dual testing is crucial, as
CKD-related kidney damage can be present even when eGFR
indicates normal kidney function, as evidenced by high levels
of albuminuria. Testing for albuminuria is therefore a critical
component of identifying a CKD patient’s true disease sever-
ity, as well as enabling early intervention to delay CKD pro-
gression and prevention of cardiovascular (CV) events.

For a CKD diagnosis to be made based on diagnostic test
results, patients must have evidence of renal damage and/or
or renal functional decline, most easily assessed by3,4:

� Albuminuria �30mg/g (�3mg/mmol) (with UACR test
being preferred over urine albuminuria dipstick)
and/or,

� eGFR <60mL/min/1.73m2

Therefore, if a patient has an eGFR of >60mL/min/1.73m2,
they will also require a test for albuminuria to confirm a
diagnosis of CKD. In addition, for more reliable assessment
of severity of CKD and prognosis to be determined in
patients with eGFR <60mL/min/1.73m2, a test for albumin-
uria would also need to be undertaken. These results pro-
vide information that can be used to guide the patient’s
current and future management, including choices for
therapeutic strategies.

Guidelines typically recommend that dual testing for eGFR
and albuminuria should be performed each year in patients
with T2D in order to identify CKD early enough for timely
CKD treatment initiation3,4,9. Evidence from real-world prac-
tice across countries, however, suggests that guidelines are
not adhered to as a substantial proportion of patients with
T2D only have an eGFR test or no CKD testing at all10–16.

Currently, there is a paucity of literature describing the clin-
ical and economic impact of testing for albuminuria, and specif-
ically that of UACR testing in the different stages of CKD such
as across the ‘The Kidney Disease: Improving Global Outcomes’
(KDIGO) heatmap3,17. This heatmap is a tool recommended by
many country-specific guidelines for assessing the risk of kidney
disease. In the following analysis, the clinical and economic
consequences of UACR testing in line with global guidelines
were compared with no UACR testing. Potential health gains
and cost savings were assessed with a level of granularity not
previously reported, including the impact of treatment and
management strategies applied as a direct result of diagnosis.
The model considered a UK healthcare system perspective;
while economic outcomes resulting from it are most relevant in
the UK, the trends generated should have applicability in a
broader geographical context.

Materials and methods

Model overview

To demonstrate the clinical and economic impact of optimal
usage of UACR testing in T2D patients, a decision analytic
economic model “Markov cohort model” was implemented
in Microsoft Excel. The model took the perspective of the UK
healthcare system. The key outcomes assessed within this

analysis included: incremental cost-effectiveness ratios
(ICERs), life-years gained (LYg), LYg before end-stage kidney
disease (ESKD), dialyses avoided, and costs (adjusted for infla-
tion to the year 2021, with outcomes reported in GBP). Both
the model structure and inputs were validated with expert
clinicians during the design of the model approach. This
study is reported following the CHEERS guidelines.

KDIGO categories

The KDIGO guidelines3,4 detail CKD as a progressive disease
with six eGFR categories (G1, G2, G3a, G3b, G4 and G5 on the
vertical axis of Figure 1), further broken down into 18 different
categories of severity when both eGFR and albuminuria values
are known (G1-5:A1-3). The American Diabetes Association rec-
ommends T2D patients with UACR values in A2 or A3 catego-
ries to be treated with angiotensin-converting-enzyme
inhibitor/angiotensin-receptor blockers (ACEi/ARBs)19. There is
further guidance that G1-3b:A3 patients should be considered
for emerging treatment. These recommendations are eval-
uated here as base case and scenario analyses, respectively.

Model population and parametrization

A hypothetical cohort of 1,000 modelled patients was con-
structed, aged 60 and with a diagnosis of T2D. Of the cohort,
41.8% were male, as this aligns with population data (taken
from a meta-analysis by Levey et al.20) used to inform model
parameters. The model considered a life-time horizon and
used a one-year cycle length with half-cycle correction
applied. A lifetime horizon was used as CKD is a chronic con-
dition and, therefore, key patient outcomes, such as reaching
ESKD, cannot be fully captured over shorter time frames.
Costs and benefits beyond the first year were discounted at
an annual rate of 3.5%, as per NICE guidelines21.

Figure 1. Adapted KDIGO heatmap of CKD based on eGFR and albuminuria cat-
egories. Terms for the coloured groups have been adapted from the KDIGO
Nomenclature18; grey, no CKD based on eGFR and UACR; yellow, moderate CKD
risk; orange, high CKD risk; red, very high CKD risk; blue, kidney failure.
Abbreviations. CKD, chronic kidney disease; eGFR, estimated glomerular filtra-
tion rate; UACR, urine albumin-to-creatinine ratio.
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Health states

The model was implemented based on five mutually exclusive
health states corresponding to the patient’s current prognosis
risk (Figure 2): Moderate CKD risk (yellow KDIGO categories),
High CKD risk (orange KDIGO categories), Very high CKD risk
(red KDIGO categories), Kidney failure, and Death (including
all-cause death and cardiovascular-related death).

Transition probabilities

To estimate model parameters for health state worsening and
death, two different transition probabilities can be applied:

� Up until and including the first state transition, a setup
was implemented with parameters for 16 of the 18
KDIGO categories (see Table 1).

� After the first transition there, disease progression is not
tracked at the granularity of KDIGO categories; therefore,
a setup using weighted averages of the previously men-
tioned KDIGO category specific parameters was imple-
mented within the remaining health states.

Transition probabilities between health states (i.e. both for
the first transition where a richer degree of alternatives is
evaluated, and for following transitions incorporating the five
health states only) were calculated based on the results from
a global meta-analysis of 14 studies by Levey et al.20 includ-
ing 105,872 participants and altogether 730,577 person-years.
A simplifying assumption was made that patients could only
stay in the same health state or transit to worse health
states.

Resource use

An email-based Delphi panel among clinicians (see Table 1)
was used to estimate the frequency of nephrologist visits
required for the typical patient in each KDIGO category22–24.
Consensus of 75% was achieved after three rounds. Other
estimates for resource use and costs (presented in Table 2)
were derived for the five health states and applied to the
model.

Modelled patients

To evaluate the impact of UACR testing, the hypothetical
cohort previously outlined is twice evaluated by the model –
simulating firstly an intervention arm (i.e. where patients are
diagnosed early and receive timely treatment) and secondly
a comparator arm (where they are neither diagnosed nor
treated early) (Figure 3). For the intervention arm, patients
were assumed to have optimal adherence to UACR testing
recommendations, so that the value of guideline-indicated
practices could be explored. In each case, patients start in
the same KDIGO category, but with different risks of disease
progression and mortality due to differences in treatment, as
well as associated differences in costs.

The assumed treatment effect among patients in the inter-
vention arm was operationalized by applying relative-risk reduc-
tion rates to the transition probabilities capturing the risks of
transition to the next health state or mortality (see Table 3).
Since the data used to estimate relative risks for each health
state were derived in a population that received timely treat-
ment, an adjustment was carried out on the cohort not receiv-
ing UACR testing and subsequent treatment. The adjustment
was done according to the formula: adjusted RR ¼ original RR

1�RRR ;

effectively corresponding to a removal of the treatment benefit.

Scenario analysis

Scenario analyses were conducted, evaluating the impact of
applying different CKD progression rates, by varying the rela-
tive risk reduction (RRR) in a stepwise manner starting from
the RRR rate of 21% (representing current standard of care)
to 41%.

RRRs above 21% were intended to represent the range
achievable with emerging therapies and, therefore, were
only applied to patients in G1-3b with an albuminuria classi-
fication of A3 (those recommended for emerging therapies
based on current guidelines)19. Some emerging therapies
are indicated for patients with an eGFR of down to
20mL/min/1.73m2, however, due to uncertainty in the num-
ber of patients in G4 that meet this criterion, the decision
was made to only apply RRR to whole KDIGO categories (G1
to G3b). This meant the benefits associated with optimal
treatment due to UACR testing were not overestimated.

Figure 2. Health state diagram. CKD, chronic kidney disease.
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Key clinical improvements such as dialyses prevented and
LYg before kidney failure that would follow from the
improved efficacy, were recorded and plotted. In addition,
the cost-effectiveness of a UACR test for the range of RRR
rates were recorded and plotted.

Sensitivity analysis

To assist in the characterization of sources of uncertainty
within the model, a probabilistic sensitivity analysis (PSA)
was undertaken. This enabled us to gain insight into the

Table 1. Model parameters – Relative risks used to calculate health states transition probabilities for patients receiving timely UACR testing (referenced from20).

KDIGO heatmap box Progressive CKDa Kidney failure
Cardiovascular

mortality
All-cause
mortality

Nephrologist
visits (annual)

G1A2 1.00b 9.40 2.00 1.85 1
G1A3 3.15 19.00 2.90 4.05 2
G2A2 2.52 5.52 1.79 1.75 1
G2A3 6.77 58.86 3.93 2.53 2
G3aA1c 3.38 10.49 1.72 1.43 1
G3aA2 9.40 40.00 2.80 2.20 2
G3aA3 57.00 147.00 4.30 3.60 3
G3bA1c 9.40 63.20 2.40 2.06 2
G3bA2 15.00 294.00 3.40 3.30 3
G3bA3 22.00 763.00 5.20 4.90 3
G4A1c 12.00 1044.00 4.80d 3.60 4
G4A2 21.00 1056.00 4.80 4.70 4
G4A3 7.70 2286.00 8.10 6.60 4
High CKD risk 8.08 48.48 2.93 2.45 2
Very high CKD risk NA 724.80 4.75 4.23 4
Kidney failuree NA NA 8.10 6.60 5

The rightmost column contains number of nephrologist visits obtained with an email-based Delphi panel approach.
Abbreviations. CKD, chronic kidney disease; KDIGO, Kidney Disease, Improving Global Outcomes.
aValues in column used for calculating transition probabilities to both High CKD and Very high CKD health states; bAssumption, the relative risk in the paper is
below 1; cNo CKD treatment was assumed given to patients in A1 categories; dAssumed to be equal to G4A2 instead of the value reported in reference which
is unexpectedly large; eAssumed to be equal to the highest relative risk in the previous KDIGO category.

Table 2. Average annual health care resource utilization costs by health state.
Resource type eGFRþUACR testing appointment Nephrologist visit CKD drug CKD hospital Renal replacement

therapy
CV event

Reference 23,25 26 27 28 27 27

No. per year Annual cost No. per year Annual cost Annual costs

Moderate CKD risk 1.0 £51.55 1.0 £176.90 £52.27 £475.49 £0.00 £115.51
High CKD risk 2.0 £103.10 2.0 £353.80 £61.65 £475.49 £0.00 £115.51
Very high CKD risk 3.1 £206.20 3.3 £528.46 £82.55 £463.69 £0.00 £115.51
Kidney failure 4.0 £206.20 5.0 £884.51 £88.45 £619.44 £22,516.51 £266.39

Abbreviations. CKD, chronic kidney disease; CV,cardiovascular; eGFR,estimated glomerular filtration rate; NHS,National Health Service; NICE,The National Institute
for Health and Care Excellence; UACR,urine albumin-to-creatinine ratio.

Figure 3. Framework for cohort comparison. Abbreviations. CKD, chronic kidney disease; KDIGO, Kidney Disease, Improving Global Outcomes UACR, urine albumin-
to-creatinine ratio.
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probability of cost effectiveness of UACR testing over a wider
range of inputs, allowing each input to be sampled from a
distribution, representing the uncertainty in their true value.

Results

Base-case results

Regular UACR testing is associated with increased lifetime
costs due to the earlier initiation of management strategies.
The additional cost ranged from £2,142,124 to £2,681,768 for
1,000 patients with an initial UACR test resulting in G3aA3
and G1A2 classification, respectively (see Table 4).

Compared to when UACR testing was not conducted, the
cost increase of managing (including testing) was offset by
fewer CV deaths, fewer patients needing dialysis, and the
generation of additional LYg before EKSD and overall (see
Table 4).

ICERs were calculated as the quotient of increased costs
and LYg. ICERs for patients classified in the A2 or A3 catego-
ries range from £4,407 to £6,208 per LYg and show that
UACR testing is a consistently cost-effective intervention
across KDIGO groups (relative to an established cut-off of
£20,000–£30,000 per QALY30, when using utility values rang-
ing from 0.73 to 0.85 for the health states31). The ICER for
the G3aA1 category is ten-fold higher, £51,397 per LYg (see
Table 4).

Scenario analysis

Figure 4 demonstrates that for all KDIGO categories analyzed,
the number of dialyses avoided and the LYg generated
before kidney disease improves with increasing RRR.

When the RRR was increased from 21% to 41%, patients
initially identified in G1A3 with a UACR test had the greatest
increase in the number of dialyses prevented, from six to 16
per 1,000 patient cohort, whereas patients initially identified
in G2A3 had the highest increase in LYg before kidney dis-
ease from 513 to 701. At the maximum RRR of 41%, patients
initially identified in G2A3 with a UACR test, avoided the

greatest number of dialyses (40) and had the greatest num-
ber of LYg (701).

Across KDIGO categories, increasing RRRs were also associ-
ated with increasing cost effectiveness – with patients in the
A3 groups experiencing the greatest benefit, and G3aA3 hav-
ing the greatest improvement in cost effectiveness of all
(from £5,000 to -£84), followed by G2A3 and then G1A3.

Sensitivity analysis

Results from a probabilistic sensitivity analysis (PSA) are pre-
sented in Figure 5. The ICER estimates from 1,000 Monte-
Carlo simulations are presented on the cost-effectiveness
plane together with the deterministic and PSA mean esti-
mates. Nearly all samples (99.7%) are in the upper-right
quadrant, meaning that there is an expected incremental
cost and incremental benefit, and all samples are below the
willingness-to-pay (WTP) threshold of £20,000 per LYg.

Discussion

This analysis set out to develop an economic model to quan-
tify the clinical and economic impact of UACR testing versus
not in patients with early-stage CKD and T2D. Unlike in a
classical health economic model, alternative medicines are
not compared, but instead two theoretical settings. The eco-
nomic evaluation underpinning the analysis was performed
with a UK healthcare system perspective; however, the clin-
ical outcomes generated are expected to have applicability
across a broader geographical context.

Following albuminuria testing guidelines, which includes
the use of UACR testing, allows for timely initiation of man-
agement and treatment of CKD3,4. In turn, this would be
expected to slow down progression and reduce the number
of patients progressing to late-stage CKD. This delay is
important, as it would reduce the need for dialysis and the
risk of experiencing CV-related death.

The economic analysis indicates that following albumin-
uria-testing guidelines, particularly through the use of a
UACR test, could lead to earlier initiation of management
and increased lifetime treatment costs; however, earlier inter-
vention is also associated with an increase in both life years
and life years before ESKD. From a cost-effectiveness per-
spective, the ICERs are approximately £5,000 per life year
gained across the CKD stages analyzed. This is well below
the established WTP threshold of £20,00021.

Table 3. Assumed relative risk reduction rates by treatment analyzed.
To next health state Mortality

ACEi/ARBs (base case) 21%14 10%
ACEi/ARBsþ SGLT2is 35%29 10%
ACEi/ARBsþ SGLT2isþ finerenone 41% (assumed value) 10%

Abbreviations. ACEi/ARBs, angiotensin-converting-enzyme inhibitors/angioten-
sin-receptor blockers; SGLT2is, sodium-glucose co-transporter-2 inhibitors.

Table 4. Base-case clinical, cost and cost-effectiveness results.
Initial KDIGO category Dialyses

prevented
CV deaths
prevented

Life years gained
pre-kidney failure

Life years
gained

Additional
lifetime cost (£)

ICER
(£/LYg)

Results presented for a cohort of 1,000 individuals
G1A2 4 29 440 432 2,681,768 6,208
G1A3 6 22 429 413 2,312,234 5,599
G2A2 6 32 472 458 2,583,707 5,641
G2A3 16 41 513 472 2,182,789 4,625
G3aA1 3 5 53 49 2,518,475 51,397
G3aA2 18 39 546 500 2,203,748 4,407
G3aA3 13 32 466 428 2,142,124 5,005

Abbreviations. CV, cardiovascular; ICER, incremental cost-effectiveness ratio; LYg, life years gained; KDIGO, Kidney Disease, Improving Global Outcomes.
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The results of the model are driven by the efficacy within
each KDIGO test result category and the cost of CKD treat-
ments given. Current guidelines – and hence assumptions in
the model – suggest that CKD treatment should be initiated

for patients with a UACR test result of A2 or above. The clinical
outcomes of the model suggest that early testing and associ-
ated treatment of such patients would lead to a substantial
survival increase. Benefits in terms of the prevention of both

Figure 4. (A) estimates of number of dialyses avoided, varying for RRR rates, which start at base case RRR of 21% and increases. (B) estimates of life years before
kidney failure, varying for RRR rates, which start at base case RRR of 21% and increases. (C) cost-effectiveness for a UACR test, varying for RRR rates, which start at
base case RRR of 21% and increases. All results presented for a cohort of 1,000 individuals with T2D. Abbreviations: LY, life year RRR; relative risk reduction; T2D,
type 2 diabetes; WTP, willingness-to-pay.

Figure 5. Probabilistic sensitivity analysis – cost-effectiveness results presented for a cohort of 1,000 individuals in KDIGO category G3aA2 receiving vs. not receiv-
ing timely CKD treatment. Abbreviations. LY, life years; PSA, probabilistic sensitivity analysis; UACR, urine albumin-to-creatinine ratio; WTP, willingness-to-pay.
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dialysis and CV death are, however, strongest for patients
found to be in the very high-risk category. As current guide-
lines do not recommend early treatment initiation as a result
of a UACR A1 test result, the benefit of a test yielding that
result was limited, as demonstrated by the ICER being ten-fold
higher in G3aA1 than the other categories analyzed.

The base case analysis was performed using a treatment
effect of 21% to represent standard-of-care angiotensin-convert-
ing-enzyme/angiotensin receptor blockers (ACEi/ARBs). Scenario
analyses were also performed where the treatment effect (RRR)
was increased stepwise from 21% to a maximum of 41%. The
additional RRR (above 21%) is representative of the potential
treatment effects for emerging therapies such as SGLT2is and/or
finerenone, and is only applied to KDIGO categories G1-3b:A3
(as recommended by current guidelines)19.

The scenario analyses (Figure 4) suggest that as more effica-
cious treatments become widely available, the health-eco-
nomic benefit provided by undertaking a UACR testing is likely
to improve. While the model did not include drug costs associ-
ated with emerging therapies, Figure 4 demonstrates that
there is scope for an increase in overall costs of management
and retention of cost-effectiveness. The combined cost of
UACR and eGFR testing totalled to £51.55 after adjusting for
inflation, taken from data from NICE guidance32.

At a base case RRR of 21%, UACR testing was most cost-
effective for patients in G3aA2. This was driven by the
change in clinical outcomes observed for this category being
the best compared to the other categories analyzed. A pos-
sible reason is that, while these patients are at substantial
risk of progression to ESKD without treatment, early identifi-
cation and initiation of treatment enables them to optimally
benefit. At an RRR of 41%, UACR testing was cost saving for
G3aA3, demonstrated by the negative ICER of -£84. This is
due to these patients receiving the benefit of optimal man-
agement for the longest proportion of their lifetimes, com-
pared to the other KDIGO categories analyzed, where
patients are not eligible for the higher treatment effect.

No additional survival benefit was applied to any of the
scenario analyses due to gaps in the available literature. It is
important that further research be conducted to evaluate the
long-term impact of emerging therapies on survival benefit –
as any such impact would further improve the health eco-
nomic case for UACR testing in line with current guidelines.

Limitations

Findings from this study should be interpreted in light of sev-
eral limitations. The analyses are dependent on the meta-ana-
lysis by Levey et al.20. This meta-analysis was used to inform
the KDIGO guidelines3, and was determined to be comprehen-
sive (including 105,872 participants from 14 studies); however,
it is somewhat dated (initiated in 2009). A comprehensive tar-
geted search found no data sources that were more recent
with equivalent granularity required for the model. Since this
study was published, new CKD treatments have become avail-
able for patients with T2D, which may enhance the benefits
of early identification of CKD. To account for this, scenario
analyses that explored some of the implications of these

changes in practice were included. Additionally, some RR out-
comes within the study also included data generated from
patients using the dipstick method, which are associated with
less accurate staging of albuminuria.

Additionally, various population-level characteristics are
believed to have changed since the publication of the study
on which we have based our analyses. Both CKD incidence
and prevalence rates have been increasing, particularly in
patients aged over 65. In line with this, CKD mortality has
also increased consistently, with an increase of approximately
32% over the last 10 years33–35. This implies that our findings
are likely to be a conservative estimation compared to if
more recent data were available, as this data would likely
increase the value of early UACR testing.

Whilst UACR testing is critical for guideline-indicated identi-
fication of CKD, data extrapolation suggests that existing poli-
cies and strategies in place for the diagnosis and management
of CKD are not enough36. This may stem in part from the chal-
lenges currently leading to poor implementation, which we
have previously discussed. It is, however, important to raise
awareness of other factors, outside of the more widely under-
stood health-related individual risk factors associated with
CKD, such as social determinants of health (SDoH)37.

When estimating RRRs for patients receiving treatment, it
was assumed that clinical guidelines were followed for stud-
ies within the source meta-analysis. It is, however, possible
that some patients were not treated according to guidelines
despite UACR test results requiring it, and that hence the
true treatment effect should have been even greater. There
is no way to validate this, and therefore our approach can
be considered a conservative estimate in this regard.

Due to the complexity of the disease area, many sources of
direct and indirect costs exist. The inputs used throughout this
analysis are based on the major sources of direct and indirect
costs affecting the NHS in the UK38. It should be noted that not
all costs were captured, for example: transportation for dialysis,
vitamin supplementation, infection-related costs. Furthermore, it
was assumed that all patients requiring renal replacement ther-
apy would undergo dialysis, and not transplantation. Many of the
additional cost sources that could be considered are more heavily
associated with the later stages of CKD, and therefore inclusion
of these costs would likely lead to further cost offsets for UACR
due to delayed progression of CKD seen within this cohort.

As described, this analysis aims to demonstrate the value
of undertaking UACR testing according to global guidelines.
The authors recognize that this is somewhat theoretical, as
we have not estimated the real-world adherence to testing
guidelines, which are uncertain and known to vary. Whilst it
is unlikely that perfect UACR testing adherence rates of
would be achieved in practice, the comparison between per-
fect adherence and lack of adherence altogether is directly
applicable to the substantial population of patients who do
not currently receive a UACR test10–16.

Conclusion

Findings from this health-economic analysis demonstrate
that undertaking a UACR test early within CKD progression
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for patients with T2D is cost-effective, and has potential to
be cost saving depending on the starting KDIGO category
with emerging treatment options, versus no UACR testing.
With the emergence of new CKD therapies that are able to
slow disease progression further, it is important that CKD
diagnostic testing is accessible to practitioners, that they are
regular in using them, and that test results are being opti-
mally integrated into clinical practice39,40.
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